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Measurement of J/ψ production at the LHC with
the ALICE experiment
M. Gagliardi, for the ALICE Collaboration
INFN Sezione di Torino, V. Giuria 1 10125 Torino - Martino.Gagliardi@cern.ch
Abstract. ALICE (A Large Ion Collider Experiment) aims at studying the behaviour of nuclear
matter at high energy densities and the transition to the Quark Gluon Plasma (QGP), expected to
occur in ultra-relativistic heavy ion collisions. Quarkonia production measurements in both Pb-Pb
and p-p collisions play a crucial role in the ALICE physics program. Quarkonium detection is
possible in ALICE at both forward (in the dimuon channel) and mid-rapidity (in the dielectron
channel). In 2010, the Large Hadron Collider has provided p-p collisions at √s=7 TeV and Pb-Pb
collisions at√sNN=2.76 TeV. The ALICE results on J/ψ production in p-p collisions are presented1,
along with the status of the Pb-Pb analysis.
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INTRODUCTION
The ALICE [1] experiment at the Large Hadron Collider [2] was designed to study
strongly interacting matter in ultra-relativistic heavy-ion collisions, at energy densities
up to two orders of magnitude larger than that of ordinary nuclear matter. Under these
conditions, finite temperature QCD calculations on the lattice [3] predict a transition
to a deconfined state of matter known as Quark-Gluon Plasma (QGP). Heavy flavour
particle production is modified by the presence of the medium. In particular, quarkonium
production suppression by colour screening was one of the first proposed signatures
for QGP formation [4]; charmonium regeneration due to the recombination of initially
uncorrelated c and c quarks may occur at LHC energies [5]. A detailed description
of the physics motivations for charmonium measurements in heavy-ion collisions can
be found in [6]. Quarkonium production measurement in p-p collisions is crucial as
a reference for Pb-Pb data; moreover, it is expected to provide insights on the J/ψ
production mechanism.
J/ψ DETECTION IN ALICE
A complete description of the ALICE experiment can be found in [1].
1 Preliminary results were presented at this conference. However, since final results are now available,
obtained to a large extent with the same analysis strategy, the latter are reported in these proceedings, in
agreement with the Organisers.
The J/ψ measurement at mid-rapidity is performed by detecting its dielectron decays
with the ALICE central detectors (-0.9<η<0.9). This analysis is based on the Inner
Tracking System (ITS) for vertexing and tracking and the Time Projection Chamber[7]
(TPC) for tracking and particle identification. Other detectors such as the Transition
Radiation Detector, the Time of Flight and the Electromagnetic Calorimeter, not used in
this analysis, will greatly improve the ALICE electron identification capabilities in the
future.
At forward rapidity, J/ψ production is measured in the dimuon channel with a dedi-
cated muon spectrometer (-4<η<-2.5). The muon spectrometer is equipped with a dipole
magnet, a set of absorbers, five tracking stations and a dedicated trigger system.
The mid-rapidity analysis is based on minimum-bias events, triggered by the V0
scintillators and the two innermost layers of the ITS (Silicon Pixel Detector, SPD). The
forward rapidity analysis is based on muon triggered events. Luminosity normalisation
is performed via a reference cross section, measured in van der Meer scans with the V0
detector [8].
The results presented here are for inclusive J/ψ production: promptly produced J/ψs
are not separated from those originating from B meson decays. The dependence of
acceptance on the unknown J/ψ polarisation is a major source of systematic uncertainty
(up to ≃30%) for both the dielectron and the dimuon channel. Here, we assume no
polarisation and quote separately the polarisation-related uncertainty.
J/ψ → e+e− AT MID-RAPIDITY
The ALICE results on J/ψ at mid-rapidity are based on a data sample correspond-
ing to an integrated luminosity of 3.9 nb−1. Particle identification is performed via
energy loss in the TPC; tracking uses both ITS and TPC. A hit in one of the two
SPD layers (3.9 and 7.6 cm in radius) is required, in order to minimise the effect
of γ conversions. Cuts on the electron pT (> 1 GeV/c) and on the track quality (χ2,
number of TPC clusters) are applied. The J/ψ yield is extracted by subtracting from
the di-electron invariant mass spectrum the corresponding like-sign background dis-
tribution (Fig. 1). The efficiency correction is performed via detailed simulation. The
measured integrated J/ψ cross section in |y|<0.9, based on a sample of ≃250 J/ψ is:
10.7±1.2(stat.)±1.7(syst.)+1.6−2.3(syst.pol) µb. Besides polarisation, the main contribu-
tions to the systematic uncertainty arise from efficiency corrections (11%), signal extrac-
tion (8.5%) and luminosity normalisation (8%). The pT-differential cross section down
to pT=0 in |y|<0.9 has also been measured (Fig. 2).
J/ψ → µ+µ− AT FORWARD RAPIDITY
The ALICE results on J/ψ production at forward-rapidity in the muon spectrometer are
based on a data sample corresponding to an integrated luminosity of 15.6 nb−1. The
event selection requires at least one reconstructed vertex in the SPD and position match-
ing between the trigger and tracking information for at least one of the reconstructed
muon tracks. A cut on the radial coordinate at the exit of the front absorber is also per-
1.5 2 2.5 3 3.5 4 4.5 5
2
Co
unt
s p
er 4
0 M
eV/
c
20
40
60
80
100
120 OS
LS*1.25
=7 TeVsALICE  pp   
)2 (GeV/ceem
1.5 2 2.5 3 3.5 4 4.5 5
-20
0
20
40
60
80
100
OS-1.25*LS
/dof=1.1)2χMC (
)2 (GeV/cµµm
1.5 2 2.5 3 3.5 4 4.5 5
2
Co
un
ts 
pe
r 1
00
 M
eV
/c
10
210
310   OS
  Fit
=7 TeVsALICE pp 
FIGURE 1. Left: invariant mass distributions for like-sign (LS) and opposite-sign (OS) electron pairs
(top panel); difference of the two distributions, compared to a Monte Carlo (MC) signal shape (bottom
panel). Right: invariant mass distribution for opposite-sign muon pairs. The fitted J/ψ and ψ (2S) contri-
butions, as well as the background, are also shown.
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FIGURE 2. Left: d2σJ/ψ/dpTdy for the midrapidity range and for the forward rapidity data. Right:
dσJ/ψ/dy. Both distributions are compared with results from the other LHC experiments [10, 11, 12].
The error bars represent the quadratic sum of the statistical and systematic errors, while the systematic
uncertainties on luminosity are shown as boxes. From [13].
formed, in order to reject muons emitted at small angle, that have travelled a significant
distance in the thick beam shield. The invariant mass spectrum is fitted with a Crystal
Ball function[9] and a double exponential for the background (Fig. 1). Trigger and track
reconstruction efficiency are evaluated via detailed simulation. Besides polarisation, the
main contributions to the systematic uncertainty arise from luminosity normalisation
(8%) and signal extraction (7.5%). The measured integrated cross section in 2.5<y<4,
based on a sample of ≃1900 J/ψ , is: 6.31±0.25(stat.)±0.80(syst.)+0.95−1.96(syst.pol) µb.
The results from ALICE and LHCb [11] in the common rapidity window are in good
agreement. The pT and rapidity differential cross sections have also been measured
(Fig. 2).
CONCLUSIONS AND PROSPECTS FOR Pb−Pb COLLISIONS
The ALICE experiment has measured the inclusive integrated and differential (in trans-
verse momentum and rapidity) J/ψ cross sections in p-p collisions at √s=7 TeV, in a
broad rapidity range and down to pT=0. The ALICE results and those of the other LHC
experiments are in good agreement in the common kinematical regions.
In 2010, the LHC delivered the first data sample in Pb-Pb collisions at√
sNN=2.76 TeV. In one month of data-taking, a statistically signficant J/ψ sam-
ple has been collected (Fig. 3): the analysis is ongoing and first results have been
obtained [14].
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FIGURE 3. Invariant mass distribution for opposite-sign muon pairs in Pb-Pb collisions, in the central-
ity bin 0-10%. The fitted J/ψ and background contributions are also shown.
REFERENCES
1. K. Aamodt et al. [ALICE Collaboration], JINST 3 (2008) S08002
2. L. Evans et al., JINST 3 (2008) S08001
3. See e.g. F. Karsch, BNL-NT-06/2 [hep-lat/0601013]
4. T. Matsui, H. Satz, Phys. Lett. B 178 (1986) 416
5. See e.g. P. Braun-Munziger, J. Stachel Phys. Lett. B 490 (2000) 196
6. B. Alessandro et al. [ALICE Collaboration], J. Phys. G 32 (2006) 1295
7. J. Alme et al., arXiv:1001.1950v1 [physics.ins-det]
8. K. Oyama et al. [ALICE Collaboration], CERN-Proceedings-2011-001
9. J.E. Gaiser, Ph.D. Thesis, SLAC-R-255 (1982)
10. V. Khachatryan et al. [CMS Collaboration], arXiv:1011.4193v1 [hep-ex]
11. R. Aaij et al. [LHCb Collaboration], Eur. Phys. J. C, 71 (2011) 1645
12. G. Aad et al. [ATLAS Collaboration], arXiv:1104.3038v1 [hep-ex]
13. K. Aamodt et al. [ALICE Collaboration], arXiv:1105.0380v1 [hep-ex]
14. http://indico.cern.ch/conferenceDisplay.py?confId=30248 (Quark Matter 2011)
